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The sludge is received into the DWPF Chemical Processing Cell (CPC) and is processed through the Sludge Receipt and Adjustment Tank (SRAT) and Slurry Mix Evaporator Tank (SME). The treated sludge slurry is then transferred to the Melter Feed Tank (MFT) and fed to the melter. During processing of each sludge batch, the DWPF is required to take at least one glass sample to meet the objectives of the Glass Product Control Program 5 and to complete the necessary Production Records so that the final glass product may be disposed of at a Federal Repository.
The DWPF requested analysis of a radioactive glass sample obtained from the melter pour stream during processing of SB4 and SB5 6 . Sample analysis followed the Task Technical and Quality Assurance Plan (TTQAP) 7 as well as the Analytical Study Plan (ASP) 8 . Two Pour Stream (PS) glass samples were delivered to SRNL from the DWPF for both SB4 and SB5. 10 Upon receipt of the SB5 samples at SRNL on April 5, 2010, the SB4 pour stream sample designated for analysis was removed from archives. Both the SB4 and SB5 samples were removed from the Pt/Au collection samplers they arrived in, inspected, and washed according to procedure. 12 
Chemical Composition
The elemental composition of the glass was determined by dissolving samples of ground glass and analyzing the solutions by Inductively Coupled Plasma -(atomic) Emission Spectroscopy (ICP-ES). A sample of each pour stream glass was ground using the Mixer/Mill 5300 with a clean agate canister and two agate balls. A separate canister and balls were used for each pour stream glass to prevent any cross contamination. Quadruplicate samples of the SB4 and the SB5 glass were digested by two separate methods: mixed acid dissolution 13 and sodium peroxide fusion.
14 Three Analytical Reference Glass -1 15 (ARG-1) standards as well as a blank and multi-element standards were digested by each method and submitted with the pour stream glasses to Analytical Development (AD) for analysis.
Radionuclide Composition
The SB4 and SB5 pour stream glass samples digested using mixed acid dissolution were analyzed by Inductively Coupled Plasma -Mass Spectroscopy (ICP-MS) to determine the actinide and fission product content. The glass dissolved by peroxide fusion was analyzed by counting methods to calculate the radionuclide concentration in the pour stream glass samples. The reportable radionuclides for the Glass Product Control Program 5 not measured in this study were calculated from the sludge slurry results 1,2 using a calculated Sludge Dilution Factor (SDF) for each glass. 16 
Noble Metals
The noble metal concentrations in the glass were analyzed using ICP-MS from the peroxide fusion dissolution. In addition, a sample of each glass was analyzed using Scanning Electron Microscopy (SEM) along with Energy Dispersive Spectroscopy (EDS) to image and analyze any inhomogeneities, including noble metal inclusions, in the glass. The glass samples used for SEM analysis were taken from the -200 mesh PCT fraction of glass.
Product Consistency Test (PCT)
The PCT 11 , a crushed glass leach test using ASTM Type I water, was performed on quadruplicate samples of both the SB4 glass and SB5 glass. The test, which was performed at 90 °C for seven days, included the appropriate blanks and triplicate samples of standard (Environmental Assessment (EA) glass and Approved Reference Material -1 (ARM-1)) glasses as described in Test Method A of the PCT. The concentrations of B, Na, Li, Si, and U were measured in each glass sample leachate using ICP-ES. The pH of each leachate was also measured.
Density
The density of each pour stream glass was measured using a water displacement technique in the Shielded Cells. A piece of SB4 glass was placed in a graduated cylinder with confirmed volume markings. The mass of the glass was recorded and DI water was added incrementally to the graduated cylinder up to a known volume. The volume and mass of the water was recorded after each addition of water. The density of the glass was calculated from the mass of the water at known volumes. The graduated cylinder was dried and the procedure repeated for the SB5 glass sample.
Results and Discussion
3.1 Visual Examination, Extraction, and Washing Figure 3 -1 shows the as-received SB4 and SB5 pour stream glass samples. The SB4 glass was dark and shiny. The SB5 glass had an opaque film on top of dark shiny glass. Neither glass had any visual signs of crystallization. The SB5 glass was rinsed with DI water prior to removing it from the Pt foil. After rinsing and drying, the glass was black and shiny with no opaque film. Table 3 -1 shows the results of the ICP-ES analysis of the rinse water, which indicate the film is primarily a Na 2 SO 4 salt deposit which has been observed on previous DWPF glasses. Figure 3-1 also shows the Pt/Au collection samplers that were used to obtain each glass sample. The SB4 sample was collected using the Pt/Au metal crucible specifically fabricated for grabbing the glass pour stream sample. The SB4 sample was removed from the collection boat by using the stainless steel crushing device fabricated by DWPF. It took several blows from the crusher to remove the glass from the boat and as a result the glass was in several pieces. For SB5, the
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DWPF could not obtain the Pt/Au metal crucibles, so the sample was collected using a 3 mil platinum-gold foil cup. The SB5 sample was removed from the cup by peeling the foil off of the glass. The glass remained intact. It was subsequently crushed using the crushing device to obtain smaller glass pieces for analysis. The mixed acid dissolution method uses boric acid to complex the fluorine used to dissolve the glass; therefore, the boron content of the glass cannot be obtained by this method. Also, the silicon content cannot be determined since a quartz ICP torch is used and the hydrofluoric acid leaches silicon from the torch. 13 The peroxide fusion method cannot be used to analyze zirconium, sodium or potassium since a zirconium crucible, sodium peroxide and potassium hydroxide are used in the dissolution. Table 3-3 and Table 3 -4 list the oxide composition of SB4 and SB5 pour stream glasses, respectively. The average of the eight replicates (four from each dissolution method) was used unless otherwise noted. Some of the analytes were detected at values below the reporting limit of the instrument. For those analytes, the result is preceded by a "<" which indicates the result is an upper limit based on the sensitivity of the method. The Relative Standard Deviation (%RSD) for the major glass components (> 0.5 wt%) is less than 5%, indicating good precision in the results. The calculated SDF of the pour stream glasses is the ratio of the concentration of aluminum, calcium, iron and manganese in the dried Tank 40 sludge to the concentration of the same elements in the pour stream glass sample. Table 3-5 and Table 3 -6 show the calculation of the SDF for SB4 and SB5, respectively. These specific elements are used since they are only present in the sludge and not in the frit. 16 The SDF will be used in Section 3.3 to calculate the concentration of radionuclides that were not directly measured in the glass. 2 However, in an amendment to the Technical Task Request (TTR), five additional radionuclides in SB5 were requested to be analyzed for DWPF facility radiological engineering purposes, 18 resulting in a total of thirty-three reportable radionuclides for SB5. Table  3-7 and Table 3 -8 list the radionuclide content in the SB4 and SB5 pour stream glasses, respectively. Selected radionuclides were directly measured (in quadruplicate using gamma counting or ICP-MS) in the pour stream glasses and those results are documented in the fourth column of Table 3-7 and Table 3 -8. Some of the radionuclides were detected at values below the reporting limit of the instrument. For those analytes, the result is preceded by a "<" which indicates the result is an upper limit based on the sensitivity of the method used to analyze that radionuclide. For those radionuclides not directly measured in the SB4 or SB5 glass, the radionuclide content was calculated from measured values from the dried sludge in Reference 1 (for SB4) and Reference 2 (for SB5) and the average SDF (Tables 3-4 
Chemical Composition
Noble Metals
The concentrations of the noble metals in the SB4 and SB5 pour stream glasses are listed in Table  3-9 and Table 3 -10 respectively. The measured concentrations were determined from the peroxide fusion dissolution ICP-MS data. The mixed acid dissolution does not fully dissolve the noble metals and therefore does not provide an accurate measurement of the concentrations of these elements in the glass. The calculated noble metal concentration in the glass is determined from the concentration in the sludge 19, 20 Rh. The measured noble metal content in the glass is higher than expected indicating that the noble metals are not accumulating in the melter. In addition to ICP-MS, the glass was analyzed using SEM/EDS for noble metal inclusions. The images were taken using the Backscattered Electron (BSE) detector so that the heavy noble metal inclusions would be contrasted against the glass. Figure 3-2 shows an overall image of the SB4 glass. Examination of the glass shows bright, round spots on the glass which indicate the presence of noble metal inclusions. Figure 3 -3 is a BSE image of the SB4 glass at higher magnification with the spots indicated where EDS analysis was performed. The EDS spectra for spots 5 and 6 are shown in Figure 3 -4 and Figure 3 -5, respectively. The EDS spectrum from spot 5 shows that the inclusions are primarily ruthenium, which corresponds to the glass analysis in Table 3 -9. The presence of iron and manganese in the same spectrum indicates the spot size of the EDS is larger than the noble metal inclusion and it is picking up elements in the glass matrix. Other EDS spectra of similar inclusions showed the same results. Spot 6 (Figure 3-5) shows the expected EDS spectrum for the pour stream glass based on the compositional analysis in Section 3.2. The SB5 pour stream glass sample was also analyzed using SEM/EDS. Figure 3 -6 is a BSE image of several fractured glass pieces while Figure 3 -7 is taken at a higher magnification to show the noble metal inclusions. The EDS spectra from spots 1, 2, and 3 in Figure 3 -7 are shown in Figure 3 -8, Figure 3 -9, and Figure 3 -10, respectively and are similar to the spectra from SB4 pour stream glass. Spots 1 and 3 ( Figure 3-7) show the expected EDS spectrum based on the chemical composition of the glass. The artifacts on the surface of the larger fraction of glass analyzed by EDS as spot 1 are fines resulting from the grinding of the glass during preparations for the PCT. The EDS spectrum from spot 2 shows that the inclusions are primarily ruthenium, which corresponds to the noble metal analysis in Table 3 -10. 
Product Consistency Test (PCT)
The average normalized release (grams of normalized element per liter of PCT leachate) for boron, sodium, lithium, silicon, and uranium as compared to the ARM and EA glasses as well as the average pH of the leachates are listed in Table 3 The results for the ARM glass are within the acceptable ranges which indicate the PCT was performed under control. In addition, the vessels had minimal to no water loss during the test. 9 The normalized elemental releases for B, Na, and Li reported in Table 3 -11 for SB4 and SB5 pour stream glasses meet the acceptance criteria as defined in the WAPS. The criteria state the normalized release of boron, sodium, and lithium from the waste glass must be at least two standard deviations better than the EA glass. 22 3.6 Density Glass fractions weighing 2.0 and 2.4 grams were used to determine the density of the SB4 and SB5 pour stream glass samples, respectively. The measurements were performed in triplicate. The average density of the SB4 and SB5 pour stream glass were determined to be 2.50 g/cm 3 and 2.60 g/cm 3 , respectively.
Conclusions
 The sum of the oxides for the chemical composition of both the SB4 and SB5 pour stream glasses is within the Product Composition Control System (PCCS) acceptance limits (95 ≤ sum of oxides ≤ 105).
 The calculated Sludge Dilution Factor (SDF) for SB4 is 2.52. The measured radionuclide content is in good agreement with the calculated values from the dried sludge results from the SB4 Waste Acceptance Production Specification (WAPS) sample (References 1 and 19).
 The calculated SDF for SB5 is 2.60. The measured radionuclide content is in good agreement with the calculated values from the dried sludge results from the SB5 WAPS sample (References 2 and 20).
 Scanning Electron Microscopy (SEM) analysis shows there are noble metal inclusions, primarily ruthenium, present in both pour stream samples.
 The Product Consistency Test (PCT) results show that the SB4 pour stream glass meets the waste acceptance criteria for durability with a normalized boron release of 0.67 g/L which is an order of magnitude lower than the Environmental Assessment (EA) glass.
 The PCT results show that the SB5 pour stream glass meets the waste acceptance criteria for durability with a normalized boron release of 0.72 g/ which is an order of magnitude lower than the EA glass.
 The density of the SB4 glass is 2.5 g/cm 3 .
 The density of the SB5 glass is 2.6 g/cm 3 .
